Abstract. We work out the magnetization and susceptibility of Heisenberg-and XXZ-model antiferromagnet spin-1/2 systems in D dimensions under a rigorous constraint of single particle site occupancy. Quantum and thermal fluctuations are taken into account up to the first order in a loop expansion beyond the Néel state mean field solution. We discuss the results, their validity in the vicinity of the critical point and compare them with the results obtained by means of a spin wave approach.
Introduction
Recent work on quantum spin systems discuss the possible existence of spin liquid states and in two-dimensional space dimensions the competition or phase transition between spin liquid states and an antiferromagnetic Néel state which is naturally expected to describe Heisenberg type systems [1] [2] [3] [4] . It is also known that undoped superconducting systems show an antiferromagnetic phase [5] .
In the following we focus our attention on a Néel phase description of quantum spin systems described by Heisenberg models. More precisely we present below a detailed study of the magnetization and the parallel magnetic susceptibility of Heisenberg antiferromagnetic spin-1/2 systems on D-dimensional lattices at finite temperature. The aim of the work is the study of the physical pertinence of the Néel state ansatz as a mean-field approximation in the temperature interval 0 < T < T c where T c is the critical temperature. In order to get a precise answer to this point we work out the quantum fluctuation contributions beyond the mean-field approximation under the constraint of strict single site occupancy [6] [7] [8] 15 ] which allows to avoid a Lagrange multiplier approximation [10] . The results are also extended to anisotropic XXZ systems and compared to those obtained in the framework of the spin wave approach.
The paper is organized as follows. In Section 2 we present the derivation of the partition function under the single particle site occupation constraint. The mean-field and first order loop expansion term contributions are derived in Section 3. In Section 4 we determine the magnea e-mail: rdillen@lpt1.u-strasbg.fr b e-mail: richert@lpt1.u-strasbg.fr tization and the magnetic susceptibility, and discuss the results obtained at the different levels of approximation. Comments are presented and conclusions are drawn in Section 5. Details of calculations are presented in the appendix, Section 6.
Fermionization of the Heisenberg model and the partition function
The Heisenberg antiferromagnet Hamiltonian (HAFM) in the presence of a local magnetic field B i reads
where J ij < 0 and the sums in the first term run over nearest-neighbour sites i, j on a D-dimensional hypercubic lattice. The S = 1/2 spin vector operators are expressed in terms of fermionic creation and annihilation operators
where the σ αλ vector components are Pauli matrices. The transformation is rigorous if α f † iα f iα = 1. The Fock space constructed with the fermionic operators f, f † is not in bijective correspondence with the Hilbert space of the spin states. Indeed, in Fock space and for spin-1/2 particles, the occupation of each site i can be characterized by the states |n i,↑ , n i,↓ with n i,α ∈ {0, 1}, that is states 188 The European Physical Journal B |0, 0 , |1, 0 , |0, 1 and |1, 1 . But in the case of single occupancy the states |0, 0 and |1, 1 which are excluded as unphysical in the present case have to be eliminated. This is done by means of a projection procedure proposed by Popov and Fedotov [6] and generalized to SU (N ) symmetry in reference [8] .
Introducing the projection operatorP = e 
Hence the partition function
with the imaginary "chemical potential" µ = i π 2β describes a system with strictly one particle per lattice site, in contrast with the usual method which introduces an average projection by means of a real Lagrange multiplier [9, 10] .
Mean field and one-loop approximations
Following the usual procedure we transform the Heisenberg Hamiltonian into a bilinear fermionic expression using a Hubbard-Stratonovich decoupling. Starting from (3) this leads to
where τ is an imaginary time and
